Nasopharyngeal carcinoma (NPC) is rare in most part of the world but prevalent in southern China, including Guangdong and Hong Kong, and Southeast Asia, with an incidence rate of 20 to 30 per 100 000 people/year[@b1]. The unique ethnic and geographic distribution of NPC indicates its unusual etiology[@b2]. Three major etiologic factors, genetic, environmental, and viral factors, have been identified to lead to multiple genetic and epigenetic alterations during NPC pathogenesis by either acting alone or in synergy[@b3].

Carcinogenesis involves multiple genetic/epigenetic alterations including the activation of oncogenes and disruption of tumor suppressor genes (TSGs)[@b4]. Equally important as genetic mutations, epigenetic changes also drive tumor development[@b5]. Aberrant methylation of TSG-associated CpG islands is a characteristic epigenetic feature of tumor genomic DNA. Aberrant CpG island methylation can occur during the early stage of tumor pathogenesis by disrupting or over-activating key signaling pathways, even in pre-invasive lesions, predisposing tumor cells addictive to certain oncogenic pathways. In such status the cells are much more susceptible to genetic mutations, thus driving tumor progression[@b6].

In this review, we summarize the key genes in several important signaling pathways frequently disrupted by CpG methylation in NPC tumorigenesis, such as regulators for Ras and Rho GTPase signaling, p53 signaling, Wnt/β-catenin signaling, cell adhesion and apoptosis signaling, and cell cycle control-DNA damage signaling ([Table 1](#cjc-30-04-231-t01){ref-type="table"}). We also discuss the possibility of these genes served as biomarkers for risk assessment, early detection, and therapeutic targets for NPC treatment. The possible mechanisms of cell signaling disruption by CpG methylation in NPC are further summarized.

Ras and Rho GTPase Signaling {#s2}
============================

Ras GTPase signaling {#s2a}
--------------------

The Ras GTPases (H-RAS, N-RAS, and K-RAS), members of small GTPase superfamily, are aberrantly activated in most human tumors due to oncogenic mutations (10% to 90% of tumors) or deregulation of upstream or downstream signaling components, playing essential roles in tumor transformation[@b7]. Increasing evidences showing frequent Ras signaling deregulation in the setting of wild-type Ras in tumors indicate that epigenetic mechanism are also involved in Ras-mediated tumorigenesis.

###### List of methylated/silenced tumor suppressor genes (TSGs) involved in cell signaling in nasopharyngeal carcinoma (NPC)

  Classification                                      TSG                                  Full name                                                Other names                     Location                                                                Functions                                                                         Alterations in NPC                          Refs
  ------------------------------------------------ --------- --------------------------------------------------------------------- --------------------------------------------- -------------- --------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------- -----------------------------
  Ras GTPase signaling                               DAB2     Disabled homolog 2, mitogen-responsive phosphoprotein (Drosophila)                       DOC2                           5p13       Mitogen responsive phosphoprotein, suppresses the mitogenic signaling via Ras pathway, cell differentiation, cell proliferation                  Methylated                             [@b15]
                                                    RASAL1                 RAS protein activator like 1 (GAP1 like)                                    RASAL                       12q23-q24                                    Ras GTPase-activating protein, negatively regulates Ras signaling                                                 Methylated                              [@b9]
                                                    RASSF1               Ras association (RalGDS/AF-6) domain family 1                                RASSF1A                        3p21.3           RAS effector protein, Ras signaling, cell cycle arrest, apoptosis, DNA repair, inhibits the accumulation of cyclin D1                   Methylated, mutated                    [@b10]--[@b14]
                                                    SCGB3A1                   Secretoglobin, family 3A, member 1                                       HIN1                        5q35-qter                                                AKT signaling pathway, cell communication                                                             Methylated                             [@b16]
  Rho GTPase signaling                               DLC1                          Deleted in liver cancer 1                               ARHGAP7, STARD12, p122-RhoGAP             8p22.3                      Cell cytoskeleton organization, GTPase activator, signal transduction, cell adhesion, invasion                            Methylated, deleted (LOH)                     [@b18]
  p53 signaling                                      UCHL1     Ubiquitin carboxyl-terminal esterase L1 (Ubiquitin thiolesterase)                   PARK5, PGP9.5                      4p14                                        Apoptosis, binds p53/MDM2 complex and activates p53 signaling                                                   Methylated                             [@b23]
                                                     TP73                              Tumor protein p73                                                p73                          1p36.3                                     Cell cycle, DNA damage response, apoptosis, transcription factor                                                  Methylated                             [@b10]
  Wnt/β-catenin signaling                            WIF1                           WNT inhibitory factor 1                                            WIF-1                        12q14.3                                                 Wnt-signaling pathway, binds and inhibits                                                             Methylated                             [@b26]
  WNT proteins, protein-tyrosine kinase activity                                                                                                                                                                                                                                                                                                                              
  Cell cycle signaling                               BRD7                          Bromodomain containing 7                                                                          16q12                                              Transcriptional regulation, cell cycle regulation                                                         Methylated                             [@b31]
                                                    CDKN2A    Cyclin-dependent kinase inhibitor 2A (melanoma, p16, inhibits CDK4)    p16, INK4A, MTS1, CDK4I, CDKN2, p16INK4A         9p21                                               Cell cycle regulation p16: inhibits CDK4 kinase                                               p16: mutated, methylated, deleted       [@b10],[@b12],[@b13],[@b30]
                                                      ARF                        Alternate open reading frame                                       p14, p14ARF                                                                             ARF: stabilizes p53, interacts with MDM2                                                       ARF: methylated, deleted           
                                                    CDKN2B         Cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4)                  p15, MTS2, TP15, INK4B                  9p21                                 Cyclin-dependent kinase inhibitor for CDK4 and CDK6, cell cycle regulation                                             Methylated                      [@b10],[@b12],[@b13]
                                                     CHFR              Checkpoint with forkhead and ring finger domains                           RNF116, RNF196                    12q24.33                              Mitotic checkpoint protein early in G~2~-M transition, cell cycle regulation                                            Methylated                             [@b35]
                                                     FHIT                        Fragile histidine triad gene                                     FRA3B, AP3Aase                     3p14.2                Cell cycle regulation, G~1~-S phase checkpoint, DNA-damage response, nucleotide and nucleic acid metabolism             Deleted, abnormal transcripts, methylated             [@b37]
                                                    MIP0L1                        Mirror-image polydactyly 1                                                                        14q13.3                                  Cell cycle (G~1~-S phase) regulation, up-regulates p21 and p27 protein                                        Methylated, deleted (LOH)                     [@b32]
                                                     PTPRG              Protein tyrosine phosphatase, receptor type, G                          PTPG, HPTPG, RPTPG                  3p21-p14                                     Cell proliferation, cell cycle regulation, signal transduction                                            Methylated, deleted (LOH)                     [@b38]
  DNA damage signaling                              GADD45G              Growth arrest and DNA-damage-inducible, gamma                        GADD45gamma, CR6, GRP17             9q22.1-q22.2                                                         DNA-damage response                                                                  Methylated, no mutation                      [@b34]
                                                     MGMT                   0-6-methylguanine-DNA methyltransferase                                                                  10q26           DNA repair, senses and integrates DNA damage/repair-related signals with replication, cell cycle and genomic stability                       Methylated                          [@b10],[@b14]
                                                     MLH1       Mut L homolog 1, colon cancer, nonpolyposis type 2 (*E. coli*)                   hMLM, HNPCC, FCC2                   3p21.3                                           DNA mismatch repair protein, cell cycle G~2~/M arrest                                                       Methylated                          [@b10],[@b13]
  Cell adhesion signaling                            CDH1                 Cadherin 1, type 1, E-cadherin (epithelial)                         CDHE, ECAD, LCAM, CD324               16q22.1                       Classical cadherin, calcium dependent cell-cell adhesion, proliferation, invasion, metastasis                                   Methylated                      [@b10],[@b13],[@b39]
                                                     CADM1                         Cell adhesion molecule 1                         IGSF4, TSLC1, NECL2, RA175, synCAM1, SglGSF     11q23.2                                          Ca^2+^/Mg^2+^-independent cell-cell adhesion, apoptosis                                                      Methylated                             [@b42]
                                                     MMP19                        Matrix metallopeptidase 19                                       MMP18, RASI-1                     12q14                                                 Matrix metalloproteinase, anti-angiogenesis                                                     Methylated, deleted (LOH)                     [@b45]
                                                     OPCML            Opioid binding protein/cell adhesion molecule-like                            OPCM, OBCAM                      11q25                                                IgLON immunoglobulin protein, cell adhension                                                            Methylated                             [@b46]
                                                    PCDH10                             Protocadherin 10                                           OL-PCDH,PCDH19                     4q28.3                                       Protocadherin, cell-cell adhesion, apoptosis, cell signaling                                                    Methylated                             [@b43]
                                                     TFPI2                     Tissue factor pathway inhibitor 2                                        PP5                           7q22                                                    Serine protease inhibitor, metastasis                                                               Methylated                             [@b47]
                                                     THBS1                             Thrombospondin 1                                           TSP, THBS, TSP1                    15q15              Adhesive glycoprotein, cell-to-cell and cell-to-matrix interactions, angiogenesis, cell signaling, cell motility                          Methylated                             [@b10]
  Apoptosis signaling                                CASP8              Caspase 8, apoptosis-related cysteine peptidase                       CAP4, MACH, MCH5, FLICE               2q33-q34                                                                Apoptosis                                                                             Methylated                             [@b10]
                                                     DAPK1                     Death-associated protein kinase 1                                       DAPK                          9q34.1                                          Positive mediator of gamma-interferon induced apoptosis                                                      Methylated                         [@b12]--[@b14]
                                                     GSTP1                      Glutathione S-transferase pi 1                                      DFN7, GST3                       11q13                                                   Apoptosis, metabolism, energy pathways                                                         Infrequently methylated                      [@b14]

GTPase-activating proteins (GAPs) are key regulators of the small GTPase GDP-GTP cycling. Alterative activities of GAPs may contribute to tumorigenesis by promoting tumor progression and growth[@b8]. Ras *GTPase-activating-like protein* (*RASAL*), a Ca^2+^-regulated Ras GAP that decodes the frequency of Ca^2+^ oscillations, was silenced by promoter CpG methylation in NPC. *RASAL* methylation was detected in ∼53% primary NPC but not in any nasopharyngitis or normal nasopharyngeal tissues. The malignant phenotype of NPC cells, harboring wild-type but not oncogenic forms of Ras, is dependent on loss of the Ras GAP activity of *RASAL*[@b9]. Therefore, epigenetic silencing of *RASAL* by promoter CpG methylation in NPC highlights the importance of deregulation of Ras GTPase signaling pathway in NPC transformation and progression.

Located at 3p21.3, a locus of particular relevance to NPC, *RAS association family 1 gene* (*RASSF1A*) is frequently inactivated by promoter CpG hypermethylation in NPC (75% cell lines and 40% to 85% primary tumors) without homozygous deletion, with no methylation detected in chronic nasopharyngitis tissues[@b10]--[@b14], suggesting that aberrant promoter methylation of *RASSF1A* is a critical event during NPC pathogenesis.

Remarkably, Ras GTPases exert their functions through multiple downstream effectors, such as mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3′-kinase/protein kinase B (PI3K/AM), regulating various cellular processes such as cell proliferation, survival, and differentiation [@b7]. *Disabled-2* (*DAB2*), potentially suppressing mitogenic signaling via Ras pathway, is decreased or absent in most primary NPC due to promoter CpG methylation[@b15]. Acting as a functional tumor suppressor through inhibiting Akt signaling, *high-in-normal-1* (*HIN1*) is hypermethylated in tumor tissues and body fluids from the patients with NPC, but not in normal samples including normal cultures, peripheral blood, nasal swabs, and throat-rinsing fluids[@b16]. The high specificity of *HIN1* methylation in discriminating patients with NPC from normal individuals indicates its role as a tumor marker for NPC.

Rho GTPases signaling {#s2b}
---------------------

As a member of "Ras-like" protein superfamily, Rho GTPases are deregulated during tumor progression, which promotes metastasis and cell cycle progression of tumor cells and is correlated with poor prognosis [@b17]. Sharing high sequence similarity (86%) to rat p122RhoGAP, *Deleted in Liver Cancer 1* (*DLC1*) is frequently epigenetically inactivated in NPC cell lines and primary tumors from both endemic and sporadic areas, with no methylation detected in any normal nasopharyngeal tissues. Down-regulation of *DLC1* contributes to NPC oncogenesis by disrupting Ras-mediated signaling pathways[@b18]. Epigenetic inactivation of *DLC1* is common in NPC, indicating a role of aberrant Rho GTPase signaling in NPC tumorigenesis. More components in Ras and Rho GTPase signaling pathways inactivated by promoter CpG methylation and involved in NPC pathogenesis will be identified.

p53 Signaling {#s3}
=============

Unlike many other human tumors, virtually all NPC tumors with p53 accumulation are with wild-type TP53[@b19],[@b20]. EBV infection and p53 accumulation/dysfunction have been implicated in the multi-step Carcinogenesis of nasopharyngeal epithelial cells, and occur at the early stage of NPC development and associate with advanced disease stage, poor response to therapy as well[@b21],[@b22]. Although P53 protein has been shown to be regulated by various post-translational modifications, like phosphorylation and ubiquitination, modulated by EBV oncoproteins, the complexity of P53 function and regulation in NPC is still far from clear.

Located at a tumor susceptibility locus 4p11--p14, recently identified from genome-wide linkage analysis of familial NPC, *Ubiquitin carboxyl-terminal hydrolase L1* (*UCHL1*) is expressed in normal upper respiratory tract tissues, but silenced in all NPC cell lines and 83% primary tumors by promoter CpG methylation, indicating that its methylation-mediated silencing is important in NPC pathogenesis[@b23]. As P53 protein is regulated through ubiquitin-dependent degradation in tumorigenesis, UCHL1 promotes p53 signaling by deubiquitinating p53 and p14^ARF^ and ubiquitinating MDM2 for further MDM2 degradation and p53 stabilization, thus involved in NPC pathogenesis as a functional TSG[@b23]. The study also indicates that, for the first time, regulation of p53 stability through protein modification/degradation is involved in NPC pathogenesis.

Wnt/β-catenin Signaling {#s4}
=======================

Abnormalities of Wnt/β-catenin pathway are frequently involved in multiple malignancies[@b24]. Epigenetic inactivation of negative Wnt/β-catenin signaling regulators leads to the aberrant activation of this signaling pathway in NPC tumorigenesis[@b25]. Wnt inhibitory factor-1 (*WIF1*), a secreted antagonist of the Wnt pathway, is frequently methylated in primary NPC tumors. With treatment of DNA demethylation reagent, *WIF1* expression is restored, highlighting a direct role of epigenetic inactivation. Ectopic expression of *WIF1* in NPC cells resulted in significant inhibition of tumor cell colony formation efficiency[@b26]. Therefore, epigenetic silencing of *WIF1* contributes to the aberrant activation of Wnt/β-catenin pathway and is involved in NPC pathogenesis. Identification of more epigenetically silenced negative regulators of WNT/β-catenin signaling pathway will benefit the development of clinical strategies targeting NPC.

Cell Cycle Control-DNA Damage Signaling {#s5}
=======================================

Cancer is marked by uncontrolled cell proliferation derived from multiple defects in cell cycle regulation by disruption of cyclin-dependent kinases and checkpoint controllers[@b27],[@b28]. Recent advances reveal how the fidelity of cell cycle regulation could be abrogated by epigenetic changes, further granting cancer cells proliferative advantages and susceptibility to the accumulation of additional genetic alterations.

At least three checkpoints of cell cycle are identified, G~1~-S checkpoint, G~2~-M checkpoint, and mitotic checkpoint. 9p, containing several cell cycle regulators, has a high frequency of loss of heterozygosity (LOH) (61% to 85%) in NPC[@b29]. The classical CDK inhibitors in G~1~-S checkpoint, *p16/INK4A, p15/INK4A*, and *p14/ARF*, located at 9p21, were identified to be tumor suppressors involved in NPC development. Promoter CpG methylation of *p16/INK4A, p15/INK4A*, and *p14/ARF* genes was detected in about 40%, 21%, and 18% of primary NPC tumors, respectively[@b10],[@b12],[@b13],[@b30]. As an NPC-associated bromodomain-containing gene, *BRD7* is frequently methylated in NPC, functioning as a TSG via inhibiting cell growth and cell cycle progression from G~1~ to S phase by transcriptionally regulating key cell cycle-related genes[@b31]. *Mirror-image POLydactyly 1* (*MIPOL1*), a G~1~-S transition negative regulator up-regulating p21 (WAF1/CIP1) and p27 (KIP1), is down-regulated in over 50% of NPC tumors via promoter CpG methylation and allelic loss[@b32].

DNA damage signaling acts as a guardian against activated Oncogene-- and environmental stress--promoted tumor progression. Incompetent cell cycle checkpoint control finally leads to defective response to cellular DNA damage, while further deficiency of regulators in DNA repair pathways results in increased susceptibility to carcinogens and also reduces the effectiveness of cancer chemotherapy[@b33].

Epigenetic silencing of essential components of DNA repair pathways has been a common event in NPC tumorigenesis. *O-6-methylguanine-DNA methyltransferase* (*MGMT*) is a DNA repair gene epigenetically inactivated in 20% to 28% primary NPC[@b10]--[@b14]. *Mismatch repair* (*MMR*)-*associated gene human mut L homolog 1* (*MLH1*) is methylated in ∼40% undifferentiated NPC, which may result in a mutator phenotype associated with microsatellite instability of NPC[@b10],[@b13].

Located in a commonly deleted region 9q22, *GADD45* plays an important role in G~2~-M checkpoint control in response to DNA damage[@b34]. Unlike other GADD45 family members, *GADD45G* is transcriptionally silenced or down-regulated in NPC with rare genetic inactivation detected. Promoter methylation of *GADD45G* was frequently detected in 73% NPC cell lines, but less frequently in primary tumors and not in any immortalized normal epithelial cell line or normal tissue. *GADD45G* could be induced by heat shock or UV irradiation in unmethylated cell lines, thus acting as a functional tumor suppressor responsive to environmental stresses[@b35].

Impairment of mitotic checkpoint is causally associated with chromosomal instability [@b36]. *CHFR*, one of the mitotic checkpoint regulators, is significantly decreased or silenced in NPC cell lines as well as xenografts, but not in immortalized non-malignant nasopharyngeal cell lines. Epigenetic inactivation of *CHFR* through promoter methylation was detected in ∼60% of primary NPC tumors but not in non-malignant tissues [@b37], suggesting that *CHFR* down-regulation is a common event in NPC. Further investigation of other epigenetically disrupted cell cycle checkpoint regulators will expand our understanding of the genomic instability in NPC tumorigenesis[@b38],[@b39].

Apoptosis Signaling {#s6}
===================

Genetic and/or epigenetic defects of apoptotic signaling genes contribute to the development of multiple cancers, as well as the resistance to radiotherapy and chemotherapy. Detection of aberrant methylation of apoptotic signaling genes is useful in identifying predictive molecular marker for treatment efficacy and outcome of NPC. Although Caspase 8 (CASP8) is an initiation Caspase of the extrinsic apoptosis pathway, only ∼7% promoter methylation of *CASP8* was detected in primary undifferentiated NPC [@b10]. *Death-associated protein kinase* (*DAPK*), a Ca^2+^/calmodulin-regulated serine/threonine kinase, plays a critical role in apoptotic signaling upon cytokine exposure. Methylation of the *DAPK* promoter was found in 76% of NPC, as well as plasma of patients with NPC[@b12]--[@b14].

Cell Adhesion Signaling {#s7}
=======================

Invasion and metastasis of tumor cells are the primary cause of the fatal outcome of cancers. Cell adhesion signaling plays a vital role in controlling the development of recurrent, invasive, and distant metastasis[@b40]. A striking feature of metastatic tumor cells is the abnormalities of specific cell adhesion receptors, extracellular matrix molecules, and cell-dissociating cytokines in the metastatic cascade[@b41].

Promoter CpG methylation silences *E-cadherin* (*CDM*), a key cell-adhesion molecule gene located at 16q22, contributing to NPC invasion and metastasis (methylated in 52% to 60% of tumors). Interestingly, a high frequency of *CDH1* methylation was detected in the peripheral blood of patients with NPC (∼45%), suggesting its potential clinical application as a diagnostic marker for NPC[@b10],[@b13],[@b41]. *Cell adhesion molecule 1* (*CADM1/IGSF4/TSLC1*), a member of the immunoglobulin superfamily, is another synaptic cell adhesion molecule. Promoter methylation of *CADM1* was responsible for its absence or low expression in NPC, indicating its potential role in inhibiting cell proliferation and metastasis of NPC[@b42].

Protocadherins are a subfamily of the cadherins that encode cadherin-related neuronal receptors, playing important roles in the establishment and function of cell-cell connections. *PCDH10* is the first protocadherin gene identified to be frequently silenced by promoter methylation in a tumor-specific manner in over 80% primary NPC, whereas ectopic expression of *PCDH10* in silenced NPC cells dramatically inhibits their proliferation, colony formation, migration, and invasion, suggesting that *PCDH10* inactivation is important in NPC tumorigenesis[@b43].

Matrix metalloproteinases (MMPs), zinc-dependent endopeptidases, are responsible for the degradation of various components of the extracellular matrix (ECM), involved in multiple physiological activities including the regulation of cell cycle, apoptosis, and angiogenesis [@b44]. *MMP19* expression was down-regulated in ∼70% of primary NPC due to allelic deletion and promoter CpG methylation, whereas the catalytic activity of MMP-19 showed anti-tumor and anti-angiogenesis activities in NPC through decreasing vascular endothelial growth factor (VEGF) level[@b45]. Thus, disturbance of cell adhesion signaling molecules by aberrant methylation promotes tumor invasion and metastasis during NPC tumorigenesis [@b10],[@b46],[@b47].

Molecular Mechanisms of Aberrant Methylation Contributing to Abnormal Cell Signaling in NPC {#s8}
===========================================================================================

Virtually all NPC is Epstein-Barr virus (EBV) --associated. Epigenetic disruption of key host genes mediated by EBV genes is an essential event during NPC pathogenesis[@b48]. EBV-encoded proteins, like latent membrane protein 1 (LMP1), are key players in disrupting cell signaling in NPC through aberrant promoter methylation[@b49]. Elevated expression of epigenetic modifiers, such as DNA methyltransferases (DNMTs) and polycomb repressive complexes (PRCs), has been observed in various tumors including NPC[@b50]. Loss of TSG functions through promoter CpG methylation mediated by DNMTs and PRCs occurs frequently during tumor development. Elevated DNMT levels mediated by EBV oncoproteins were reported in NPC. EBV proteins could positively regulate both maintenance and de novo methylation [@b51],[@b52]. In addition to DNMTs, activated PRCs through EBV proteins could also modulate multiple cellular signaling pathways[@b53]. Thus, EBV-encoded proteins could function as initiators or cofactors in inducing epigenetic alterations of cell signaling ([Figure 1](#cjc-30-04-231-g001){ref-type="fig"}).

Conclusions {#s9}
===========

Aber rant "epigenetic code" of cell signaling facilitates the subsequent selection of genetic mutations of certain signaling pathways in the initiation and progression of NPC. As more epigenetic alterations of cell signaling genes are found, we will obtain systematic understanding of the molecular features of NPC. Study of epigenetically silenced cell signaling regulators in NPC will lead to the further development of clinical strategies of NPC prevention and therapy. Moreover, promoter methylation of cell signaling regulators could serve as diagnostic biomarkers for NPC risk assessment, early detection, and prognosis.

![Overview of the role of epigenetic disruption of cell signaling regulators mediated by EBV infection during NPC tumorigenesis. DAB2, disabled-2; DLC1, deleted in liver cancer 1; DNMT, DNA methyltransferase; EBV, Epstein-Barr virus; HIN1, high-in-normal 1; LMP1, latent membrane protein 1; LMP2A, latent membrane protein 2A; NPC, nasopharyngeal carcinoma; PcG, Polycomb protein; RASAL1, Ras GAP-activating-like protein 1; RASSF1A, Ras association domain family 1A; TSG, tumor suppressor gene; UCHL1, Ubiquitin carboxyl-terminal hydrolase L1; WIF1, Wnt inhibitory factor-1. Ras GTPase signaling negative regulators (e.g., RASAL1, RASSF1A, HIN1, and DAB2), Rho GTPase signaling negative regulators (e.g., DLC1), p53 signaling positive regulators (e.g., UCHL1 and TP73), Wnt/β-catenin signaling negative regulators (e.g., WIF1), cell cycle control-DNA damage signaling regulators, cell adhesion regulators, and apoptosis regulators play important roles in the initiation and progression of NPC. Epigenetic silencing of these antagonists or activators through promoter CpG methylation or histone modifications, initiated or mediated by EBV-encoded viral proteins, disrupts multiple cell signaling pathways during NPC tumorigenesis.](cjc-30-04-231-g001){#cjc-30-04-231-g001}
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